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TRAINEE PARTICIPATION AFFECTS OUTCOMES IN EMERGENCY 
GENERAL SURGERY PROCEDURES: AN ANALYSIS OF THE NATIONAL 
SURGICAL QUALITY IMPROVEMENT PROGRAM DATABASE 
ALIYA ANNE LAKHA 
 
ABSTRACT 
 Previous research has demonstrated a significant impact of trainee participation 
on outcomes in a broad surgical patient population. With the current project, we aim to 
identify if a similar effect exists in emergency general surgery. A total of 141,010 patients 
who underwent emergency general surgery procedures were identified in the 2005-2010 
National Surgical Quality Improvement Program database. Due to the non-random 
assignment of the more complex cases to resident participation, patients were matched 
(1:1) on known risk factors [age, gender, inpatient status, preexisting comorbidities 
(obesity, diabetes, smoking, alcohol use, steroid use, coronary artery disease, chronic 
renal failure, pulmonary disease)] and on preoperatively calculated probability for 
morbidity and mortality. Clinically relevant outcomes were compared with a t- or chi-
squared test. The impact of resident participation on outcomes was quantified with 
multivariable regression modeling, adjusting for both the aforementioned risk factors and 
operative time. The most common procedures in the matched cohort (n=83,790) were 
appendectomy (39.9%), exploratory laparotomy (8.8%) and adhesiolysis (6.6%). Our 
findings suggest that trainee participation in emergency general surgery procedures 
prolongs operative time, increases intraoperative transfusions, and is independently 
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associated with adverse postoperative outcomes, including wound, pulmonary, and 
venous thromboembolic complications, as well as urinary tract infections. This effect 
appears to be independent of the total intraoperative time, case complexity, and 
preexisting comorbid conditions. We also demonstrate that operative time is another 
important factor independently associated with intra- and post-operative transfusions, 
unplanned reoperations, longer hospital stays, infections, as well as wound, pulmonary, 
and venous thromboembolic complications, when baseline comorbidities and resident 
participation were adjusted for. Remediation strategies could include increased use of 
simulation training and increased faculty supervision of residents. 
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INTRODUCTION 
 	   One	   of	   the	   fundamental	   conflicts	   facing	   graduate	  medical	   education	   in	   the	  21st	   century	   lies	   in	   the	   need	   to	   provide	   high	   quality	   healthcare	   to	   patients,	  while	  simultaneously	   training	   young	   physicians	   in	   their	   specialty	   of	   choice.	   Previous	  research	  has	  demonstrated	  both	  positive	  and	  adverse	  effects	  of	  trainee	  participation	  in	  all	  levels	  and	  fields	  of	  modern	  medicine	  including,	  but	  not	  limited	  to,	  primary	  care	  (Ryan	   et	   al.,	   2014),	   cardiology	   (Sandhu	   et	   al.,	   2013);	   (Polanczyk	   et	   al.,	   2002),	  radiology	   (McLauchlan,	   Jones,	   &	   Guly,	   1997),	   gastroenterology	  medicine	   (Hope	   et	  al.,	   2013),	   and	   surgery	   (Davis	   et	   al.,	   2013);	   (Tseng	   et	   al.,	   2011);	   (Papandria	   et	   al.,	  2012);	  (Scarborough,	  Bennett,	  &	  Pappas,	  2012).	  A	  2013	  study	  found	  that	  in	  patients	  who	   underwent	   percutaneous	   coronary	   intervention,	   there	   were	   no	   statistically	  significant	   differences	   in	   mortality,	   inpatient	   myocardial	   infarction,	   contrast	  induced	   nephropathy,	   or	   gastrointestinal	   bleeding	   complications	   between	   cases	  performed	   at	   major	   teaching	   hospitals	   (defined	   as	   having	   trainee	   involvement	  greater	   than	   50%)	   and	   those	   performed	   in	   non-­‐teaching	   hospitals.	   This	   study	  revealed	  both	  the	  positive	  and	  adverse	  impact	  of	  trainee	  involvement:	  percutaneous	  coronary	  intervention	  at	  teaching	  hospitals	  was	  associated	  with	  a	  decreased	  risk	  of	  emergency	  coronary	  artery	  bypass	  grafting	  as	  compared	  to	  non-­‐teaching	  hospitals,	  but	  at	  the	  expense	  of	  a	  higher	  complication	  rate:	  pseudoaneurysm	  or	  ateriovenous	  fistula	   formation,	   femoral	   neuropathy,	   retroperitoneal	   or	   access	   site	   hematomas,	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acute	   anemia	   of	   blood	   loss,	   need	   for	   additional	   surgical	   procedures,	   and	   longer	  hospital	  stays	  (Sandhu	  et	  al.,	  2013).	  Similarly,	  Polanczyk	  et	  al	  demonstrated	  that	  in	  patients	  with	  myocardial	   infarction,	   heart	   failure,	   or	   stroke,	   inpatient	  mortality	   at	  teaching	   hospitals	   was	   significantly	   lower	   compared	   to	   non-­‐teaching	   hospitals.	  Furthermore,	   the	   use	   of	   invasive	   cardiac	   procedures	   for	   all	   three	   conditions	   was	  significantly	   greater	   in	   teaching	   hospitals,	   and	   was	   suggested	   to	   be	   one	   of	   the	  determinants	  for	  improved	  outcomes	  in	  these	  facilities	  as	  compared	  to	  non-­‐teaching	  institutions	  (Polanczyk	  et	  al.,	  2002).	  	  
Contrary to these reports, however, evidence is mounting that trainee participation 
may be associated with adverse outcomes to a greater extent than previously believed. In 
a study investigating the diagnostic competency of radiology residents, the majority of 
junior trainees misidentified prominent trauma abnormalities on x-ray (McLauchlan et 
al., 1997). This issue has also been recognized in primary care, where adverse outcomes 
are likely to be associated with a lack of experience and inadequate supervision, 
specifically during the early training years, as underlined by recent findings that junior 
trainees made more prescribing errors as compared to their senior counterparts (Ryan et 
al., 2014). 
Among the most commonly cited risk factors for adverse outcomes in graduate 
medical education is lack of experience or even excessive autonomy. These aspects are 
perhaps even more pronounced in interventional or surgical specialty training programs, 
where trainees’ insufficient experience, lack of sophisticated technical skills, or 
inadequate familiarity with complex and evolving surgical technologies may play an 
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important role (Davis et al., 2013); (Tseng et al., 2011). Papandria and associates reported 
that even common surgical procedures performed with trainee involvement (such as 
laparoscopic appendectomy, laparoscopic cholecystectomy, and open hernia repair) 
required longer operative times, the main reasons being inadequate technical skills and a 
lack of familiarity with the local anatomy or steps of the procedure performed, as well as 
underdeveloped intraoperative decision-making (Papandria et al., 2012). This effect was 
noted regardless of resident seniority, compared to cases performed by the “attending 
alone” (Papandria et al., 2012). Studying what is known as the “July Effect” has provided 
additional evidence of the impact of resident participation on surgical outcomes (Bakaeen 
et al., 2009). In most academic medical institutions, July and August represent a 
transitional period (start of a new academic year) during which time there is an influx of 
inexperienced trainees assuming new roles in surgical training programs. A 2007 study 
revealed that this seasonal transition, possibly compounded by the lack of attending 
oversight during these summer vacation months, is associated with a statistically 
significant increase in operative morbidity and mortality (Englesbe et al., 2007).  
One particular population in whom the effect of surgical resident participation has 
yet to be clearly defined is those requiring emergency surgical procedures. The unique 
characteristic of this specific type of surgical intervention is that time is critical, and 
surgical trainees are available around the clock at teaching institutions to help initiate the 
work-up and set the wheels of operative intervention in motion until a board-certified 
surgeon is called upon to guide and supervise operative management. However, 
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involving residents in emergency general surgical cases may unnecessarily prolong 
operative time, with a possible negative effect on overall outcomes. 
With the current project, we aim to identify whether trainee participation affects 
clinically relevant outcomes in patients undergoing emergency or urgent general surgical 
procedures (defined as surgery that needs to be performed without delay and surgical 
intervention is the only option, without which the patient may suffer permanent disability 
or death (“emergency surgery,” n.d.)). 
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METHODS 
 
The aim of the American College of Surgeons National Surgical Quality 
Improvement Program (ACS-NSQIP) database is to provide national benchmarks against 
which the performance of all participating institutions can be measured with and 
compared against for the purpose of quality improvement. The ACS-NSQI Program is a 
prospectively collected and maintained database, to which approximately 400 hospitals 
across North America subscribe to and report their postoperative outcomes, including 135 
variables pertaining to patient baseline and preoperative characteristics, such as: 
demographics (age, height, weight, and ethnicity) and baseline functional status (degree 
of functional dependence); laboratories (blood counts, coagulation, and metabolic and 
nutritional panel data); preexisting comorbid conditions (neurologic, cardiac, pulmonary, 
renal, hematologic, and infectious or cancer-related conditions); certain medication 
families (anticoagulants, chemo- or radiation therapy, and anti-inflammatories); operative 
data (type of anesthesia administered and total anesthetic time, procedures performed and 
total operative time, wound classification, elective versus emergent status, inpatient 
status, level of trainee(s) involved (if any), and postoperative diagnosis); and 30-day 
postoperative clinically relevant outcomes (mortality, hospital length of stay, and wound, 
pulmonary, cardiovascular, renal, and infectious complications) (“Home | ACS 
NSQIPACS NSQIP | Surgical Quality Improvement,” n.d.-a).  
Based on the procedure performed and the patients’ preoperative clinical 
characteristics, the ACS-NSQIP database also includes a preoperatively calculated 
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‘expected probability for morbidity and mortality’1 that is typically used to compare risk-
adjusted outcomes across institutions on the basis of preexisting comorbidities and case 
complexity. 
Cases collected by the ACS-NSQIP database catalog patient outcomes and events 
for 30 days postoperatively (as opposed to in-hospital outcomes alone), providing more 
complete and meaningful information. An additional advantage of this dataset is its 
nationwide scope and size, with the majority of teaching hospitals across the country 
participating and contributing data to it. Moreover, data are collected prospectively by 
specially trained, dedicated personnel (“Home | ACS NSQIPACS NSQIP | Surgical 
Quality Improvement,” n.d.-b).  
This project aims to identify if trainee participation is associated with adverse 
postoperative outcomes in patients undergoing emergency general surgical procedures. 
The hypothesis is that trainee participation in non-elective (which will from now on be 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1  Expected probability for morbidity/mortality is calculated using the ACS-NSQIP Surgical Risk 
Calculator, a tool that uses information about a patient’s overall health status and planned procedure to 
provide an estimate of expected risk of postoperative morbidity and mortality. This calculator takes into 
account baseline demographics (age, gender), and clinical patient characteristics (functional status, 
emergent case status, American Society of Anesthesiologists (ASA) class [a classification system that 
grades the overall health status of subjects about to undergo anesthesia], wound classification, and the 
presence of known risk factors for adverse postoperative outcomes, including steroid use, smoking, and 
pulmonary, cardiovascular, renal, gastrointestinal, endocrine, and oncologic comorbidities). The risk of 
unfavorable outcomes is calculated using a scoring system that has been validated against a large database 
of patients with similar characteristics who underwent similar procedures (“ACS Risk Calculator,” 2007). 
	  7	  	  
referred to as “emergency”) general surgery procedures does not affect postoperative 
outcomes.  
 
Data Source and Study Population 
 
  Data were extracted from the nationwide ACS-NSQIP database, excluding 
patients who underwent vascular, neurosurgical, or obstetric/gynecologic procedures. Out 
of the 957,813 patients ≥ 16 years of age enrolled at any of the participating institutions 
in the program between 2005 and 2010, those who underwent an emergency general 
surgical procedure comprised the aggregate cohort in this study, for a total sample size of 
n=141,010. 
 
Variables 
 
 Variables included baseline demographic (age, gender, height, and weight) and 
clinical characteristics (inpatient status, laboratories, and preexisting comorbid conditions 
that are known risk factors for adverse surgical outcomes) (Parratte, Pesenti, & Argenson, 
2014); (Springer n.d.); (Jämsen et al., 2012). Such comorbidities include morbid obesity 
[a body mass index (BMI) over 30]; diabetes mellitus (requiring daily oral hypoglycemic 
agents or insulin); smoking (any history of smoking in the year prior to index procedure); 
alcohol (defined as more than two drinks per day in the two weeks preceding admission) 
or steroid use (for a chronic condition); coronary artery disease (defined as anyone with a 
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diagnosis of congestive heart failure or history of angina in the 30 days preceding 
surgery, myocardial infarction in the 6 months prior to index operation, or any prior 
history of percutaneous coronary intervention or cardiac surgery); renal failure (acute or 
chronic, requiring dialysis or not); and pulmonary disease [Chronic Obstructive 
Pulmonary Disease (COPD) or asthma]. In addition, each patient’s expected probability 
for morbidity and mortality were obtained, as calculated by the aforementioned ACS-
NSQIP Surgical Risk Calculator (“ACS Risk Calculator,” 2007).  
Procedure-related variables were also included such as: The procedure performed 
[by Current Procedural Terminology (CPT) code], whether or not a resident was involved 
(and, if so, their post-graduate level), total anesthesia and operative time, American 
Society of Anesthesiologists  (ASA) class, and whether or not the patient required an 
intraoperative transfusion, suffered a postoperative bleed, or was subjected to an 
unplanned return to the operating room (OR). 
 Additional outcome variables included clinically relevant global outcomes 
(mortality and hospital length of stay) and 30-day postoperative complications, pertaining 
to wound, pulmonary, cardiovascular, renal, and life-threatening infectious 
complications, per the standardized ACS-NSQIP definitions.  
Wound complications encompassed superficial and deep surgical site infections, 
organ space infections, and wound dehiscence. A superficial surgical site infection (SSSI) 
is defined as an infection that occurs within 30 days following surgery, involving only the 
skin or subcutaneous tissue of the incision, and manifests as purulent drainage or as 
laboratory-confirmed organism growth from an aseptically obtained culture from the 
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superficial incision site. Diagnosis of SSI is either made by a surgeon or by identifying 
the signs or symptoms of localized infection (pain or tenderness, edema, erythema or 
heat), and the incision is deliberately opened by a surgical team. (“Participant Use Data 
File | ACS NSQIPACS NSQIP,” n.d.).  
A deep incisional surgical site infection (DSSI) is one that occurs within 30 days 
after surgery and involves the deep soft tissues (fascial and/or muscle layers) with either 
purulent drainage from deep in the incision (but not from the organ space), spontaneous 
dehiscence of the deep surgical site, or intentional reopening of the incision by the 
surgeon because of evidence/suspicion of an infection or abscess involving the deep 
aspect of the surgical wound. An organ space surgical site infection (OSSI) is defined as 
one that occurs within 30 days postoperatively and involves any part of the anatomy 
(organs or spaces) other than the incisional site. Infections of this nature are associated 
with either purulent drainage obtained via a drainage tube placed percutaneously into the 
organ space, laboratory-confirmed organism growth obtained from either the tissue of the 
affected organ or from fluid in the organ space, an abscess, or other evidence of infection. 
Finally, wound dehiscence is defined as partial or complete disruption of the fascial 
planes underlying the surgical wound (“Participant Use Data File | ACS NSQIPACS 
NSQIP,” n.d.). 
Pulmonary complications included postoperative pneumonia, unplanned re-
intubation, and prolonged mechanical ventilation. Pneumonia is defined as inflammation 
of the lung parenchyma resulting from bacterial, viral, and/or chemical irritants, causing 
fever, chest pain, and/or excess sputum production (purulent or bloody). Postoperative 
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pneumonia may be diagnosed by clinical or radiographic examination, and must be 
further confirmed by any of the following: The onset of or character change in sputum; a 
pathogen isolated from a bronchoalveolar aspirate or from a bronchial brushing 
specimen/biopsy; at least four-fold increase in IgM or IgG pathogen antibody titers; or 
histopathologic validation. Unplanned reintubation refers to reintubation and mechanical 
ventilation after the patient had originally been weaned from ventilation and extubated 
due to the onset of respiratory failure postoperatively. In addition, unplanned reintubation 
may also refer to any patient who underwent their index operation without general 
anesthesia and requires intubation postoperatively. If a patient remains on mechanical 
ventilation for over 48 consecutive hours postoperatively, the diagnosis of prolonged 
mechanical ventilation is placed. (“Participant Use Data File | ACS NSQIPACS NSQIP,” 
n.d.). 
Postoperative myocardial infarction, cardiopulmonary arrest, cerebrovascular 
accident, deep venous thrombosis, and pulmonary embolism comprised the 
cardiovascular complications evaluated in this analysis. A myocardial infarct was 
diagnosed in patients demonstrating cardiac enzyme elevation, accompanied by ischemic-
type chest pain, and/or pathologic Q waves, or ST elevation or depression on 
electrocardiography. A cerebrovascular accident can be embolic, thrombotic, or 
hemorrhagic in nature and may result in transient or permanent motor, sensory, or 
cognitive impairment. Deep venous thrombosis is a blood clot within the venous system 
that usually originates in the deep veins of the lower extremities or pelvic region. 
Pulmonary embolism is defined as the formation or lodging of blood thrombus in the 
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main pulmonary artery or its branches that restricts blood supply to the lungs 
(“Participant Use Data File | ACS NSQIPACS NSQIP,” n.d.). 
The renal complications that were considered to be of interest included acute renal 
failure, renal failure requiring short- or long-term dialysis, and urinary tract infections. 
Acute renal failure is defined as progressively worsening postoperative azotemia and a 
rising creatinine of >3 mg/dL, which may require dialysis. The diagnosis of a urinary 
tract infection can be made in one of two ways: a. The patient has a urine culture of >105 
colonies/mL urine with any one of the following symptoms: fever, urgency, frequency, 
dysuria, suprapubic pain; or b. the patient has two of the following: fever, urgency, 
frequency, dysuria, suprapubic pain and one of the following: a positive dipstick test for 
leukocyte esterase and/or nitrate (evidence of infection), pyuria (the presence of 
leucocytes in the urine), organism identification on Gram stain, or a urine culture with 
>105 colonies/mL urine of a single pathogen (“Participant Use Data File | ACS 
NSQIPACS NSQIP,” n.d.). 
Finally, the life-threatening infectious complications evaluated in this study were 
sepsis and septic shock. Sepsis is diagnosed as the presence of a Systemic Inflammatory 
Response System (SIRS – It is a host response to a severe inflammatory insult and is 
diagnosed with the simultaneous presentation of two or more of the following: fever of 
>38°C (100.4°F) or <36°C (96.8°F); heart rate of >90/min; respiratory rate of >20/min or 
partial pressure of arterial carbon dioxide concentration of <32mmHg; white blood cell 
count >12,000/µL, or < 4,000/µL or >10% immature forms) and a positive culture. Septic 
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shock is defined as circulatory insufficiency and peripheral tissue hypoxia due to sepsis.  
(“Participant Use Data File | ACS NSQIPACS NSQIP,” n.d.). 
 
Matching and Data Analysis 
 
Since a subject assignment to undergo an emergency general procedure with or 
without trainee participation is not random, a Coarsened Exact Matching (CEM) 
algorithm (S. Lacus, 2009) was used to match patients with a 1:1 ratio, on the basis of 
age; gender; inpatient status; morbid obesity; history of diabetes; smoking, alcohol, or  
steroid use; preexisting coronary artery disease, renal failure, and pulmonary disease. As 
it is not possible to match subjects on the basis of exact procedure performed without 
significantly compromising sample size, and given the inherent greater complexity of 
cases managed at teaching institutions, subjects were also matched on their expected 
probability for morbidity and mortality (risk-adjustment). The two balanced patient 
groups obtained after application of the CEM algorithm comprised the Matched Cohort.  
Absolute and relative frequencies of the various emergency general surgical 
procedures grouped by type were calculated in both the aggregate and matched cohorts.  
Outcome variables [mortality and hospital length of stay; operative technique-
related factors (operative and anesthesia time, intraoperative transfusions, postoperative 
bleeding requiring transfusion, and unplanned return to the OR); wound complications 
(SSSI, DSSI, OSSI, and wound dehiscence); pulmonary complications (postoperative 
pneumonia, unplanned reintubation, and prolonged mechanical ventilation); 
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cardiovascular complications (myocardial infarction, cardiopulmonary arrest, 
cerebrovascular accident, deep venous thrombosis, and pulmonary embolism); renal 
complications (acute renal failure, renal failure requiring dialysis, and urinary tract 
infection); and life-threatening infectious complications (sepsis and septic shock)] were 
compared between the two matched cohort groups (NO RES: without resident 
participation; RES: with resident participation). Depending on the data distribution, 
continuous variables were compared with the Pearson’s t-test or the Wilcoxon test, and 
binary variables with the chi square test. Continuous variables are reported as means ±  
standard deviations if the data were normally distributed, or as medians [25%, 75% 
percentiles] if otherwise. Binary variables are reported as percentages.  
To quantify the effect of resident participation on the statistically significant 
outcomes as identified on the aforementioned analysis, multivariable regression analysis 
models were fitted on the matched cohort, adjusting for the said risk factors and for total 
operative time. The effect of total operative time is also reported.  
For the logistic regression models, post-estimation Pearson goodness-of-fit tests 
were obtained and C-statistics were calculated. For the linear regression models, residuals 
were assessed for outliers and influential values, using leverage and standardized 
residuals. Observations with outlying and highly influential residuals were left in our 
sample as true outliers if data collection was deemed appropriate and correct.  
Univariate graph plots were obtained to assess for an association between post-
graduate level of participating trainee and both case complexity/illness severity (as 
reflected on the preoperatively calculated expected probability for morbidity and 
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mortality) and total operative time. Post-graduate years ≥8 were combined into one 
group. 
All statistical analyses were performed using Stata 13.1 (StataCorp LP, College 
Station, TX). Statistical significance was declared at a two-sided p-value ≤0.05.    
	  15	  	  
RESULTS 
 
 
Of the 957,813 patients that were tracked by the ACS-NSQIP participating 
institutions, 141,010 (aggregate cohort) underwent emergency general surgical 
procedures between 2005-2010. 
 
Table 1. Baseline Characteristics and Comorbidities in the Aggregate Cohort 
 
 Aggregate Cohort (n=141,010) 
Age (years) 49.5±19.5 
Sex (female) 51.3 
Inpatient 87.7 
BMI>30 32.3 
Diabetes 11.3 
Smoking 22.6 
Alcohol use 3.3 
Steroid use 4.2 
Coronary Artery Disease 8.3 
Renal failure 3.9 
Pulmonary Disease 12.7 
Expected Probability for Morbidity 10.6 [4.8, 29.1] 
Expected Probability for Mortality 0.3 [0.07, 3.1] 
Resident 63.1 
 
As indicated in Table 1, the average age of the aggregate sample was 49.5 ± 19.5 
years and was comprised of 51.3% female patients. Approximately 87.7% of patients 
were admitted postoperatively, and 63.1% of all emergency surgical procedures were 
performed at teaching institutions with resident participation.  About one-third of the 
patients in the aggregate cohort had a BMI greater than 30. Prevalence of smoking was 
fairly high at 22.6%.  
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Table 2. Baseline Characteristics and Preexisting Comorbid Conditions in 
Aggregate and Matched Cohorts (NO RES: without resident participation; RES: 
with residents participation) 
 
 Aggregate Cohort (n=141,010) Matched Cohort (n=83,790) 
 NO RES 
N=52,059 
RES 
N=88,951 p-value 
NO RES 
N=41,895 
RES 
N=41,895 p-value 
Age (years) 49.84±19.67 49.33±19.44 <0.001 46.44±18.87 46.43±18.87 0.999 
Sex (female) 51.94 50.89 <0.001 52.75 52.75 1.000 
Inpatient 85.45 89.00 <0.001 84.01 84.01 1.000 
BMI>30 32.77 32.04 0.007 31.34 31.34 1.000 
Diabetes 10.91 11.51 0.001 6.35 6.35 1.000 
Smoking 21.90 23.08 <0.001 20.08 20.08 1.000 
Alcohol Use 3.05 3.44 <0.001 1.67 1.67 1.000 
Steroid Use 3.52 4.57 <0.001 0.89 0.89 1.000 
Coronary 
Artery 
Disease 
7.97 8.49 0.001 3.44 3.44 1.000 
Renal Failure 3.25 4.21 <0.001 0.26 0.26 1.000 
Pulmonary 
Disease 11.83 13.21 <0.001 4.38 4.38 1.000 
Expected 
Probability 
for Morbidity 
0.18±0.19 0.21±0.21 <0.001 0.12±0.13 0.12±0.13 0.725 
Expected 
Probability 
for Mortality 
0.05±0.13 0.06±0.15 <0.001 0.016±0.055 0.017±0.055 0.103 
 
 
 Patients that underwent procedures with resident involvement were slightly 
younger (49.33 ± 19.44 versus 49.84 ± 19.67 years, p<0.001) and less likely to be obese 
(32.04% versus 32.77%, p=0.007), but more likely to have significant comorbidities at 
baseline, and therefore at greater risk for postoperative development of complications 
(0.21 ± 0.21 versus 0.18 ± 0.19, p<0.001) and mortality (0.06 ± 0.15 versus 0.05 ± 0.13, 
p<0.001) (Table 2). This is expected, as sicker patients or those requiring more complex 
procedures are more likely to be referred to teaching institutions.  
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 After matching, two equal sized groups of n=41,895 subjects each (NO RES: 
without resident participation; RES: with residents participation) were created for 
comparison with similar distribution of baseline characteristics, preexisting comorbid 
conditions, and expected probability for morbidity and mortality (Table 2). 
The information listed in Table 3 provides a numerical breakdown of the types of 
procedures preformed in both the aggregate cohort and in the matched cohort, as well as a 
comparison of this breakdown between the two study groups (RES) and (NO RES). The 
most common procedures in the aggregate cohort (n=141,010) were appendectomies 
(29.8%), exploratory laparotomies (12%), and colon resections (7.3%). The most 
common in the matched cohort (n=83,790) were appendectomies (39.9%), exploratory 
laparotomies (8.8%), lysis of adhesions (6.6%) and cholecystectomies (6.5%). 
 
Table 3. Numerical Breakdown of Procedure Types Performed in Aggregate and 
Matched Cohorts Across the Two Study Groups: (RES) and (NO RES) 
 
 Aggregate Cohort Matched Cohort 
 NO RES 
N=137,955 
RES 
N=77,076 
NO RES 
N=58,824 
RES 
N=58,114 
Appendectomy 27.9%  33.2% 38.4% 41.4% 
Exploratory Laparotomy 13.2% 9.8% 9.5% 8.0% 
Colon Resection 7.5% 7.1% 4.8% 5.2% 
Lysis of Adhesions 6.8% 6.8% 6.7% 6.5% 
Cholecystectomy 5.4% 5.9% 6.7% 6.4% 
Small Bowel Resection 5.4% 4.3% 4.3% 4.1% 
Abdominal Wall Hernia Repair 4.9% 4.5% 5.5% 5.1% 
Incision & Drainage/ Debridement 3.4% 2.6% 3.0% 3.4% 
Repair of Perforated Viscus 2.4% 1.8% 1.6% 1.5% 
Diagnostic Laparoscopy 1.4% 1.8% 1.5% 2.2% 
Inguinal Hernia Repair 1.4% 1.4% 1.5% 1.5% 
Other 20.3% 21.0% 16.4% 14.8% 
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 There is an overall balanced distribution of more complex cases (laparotomies, 
colectomies, small bowel resections, and abdominal wall hernia repairs) with simpler 
ones (lysis of adhesions, diagnostic laparoscopies, and inguinal herniorrhaphies) across 
the two groups (RES and NO RES) in the matched cohort (Table 3). This is also 
unsurprising, as the two groups were matched on their expected probability for mortality 
and overall morbidity, which, for its calculation, takes into account not only baseline 
comorbid conditions, but also the procedures performed (by billable CPT codes). 
Clinically relevant 30-day postoperative outcomes are listed in Table 4. They 
include mortality, hospital length of stay, operative information (operative time, 
anesthesia time, intraoperative transfusions, postoperative bleeding requiring a 
transfusion, and unplanned return to the operating room), wound complications 
(superficial wound infections, deep wound infections, organ space infections, and wound 
dehiscence), pulmonary complications (postoperative pneumonia, unplanned 
reintubation, and prolonged mechanical ventilation), cardiovascular complications 
(postoperative myocardial infarction, cardiopulmonary arrest, cerebrovascular accident, 
deep venous thrombosis, and pulmonary embolism), renal complications (acute renal 
failure, renal failure requiring dialysis, and urinary tract infection), and life-threatening 
infectious complications (sepsis and septic shock). Continuous variables are reported as 
means ± standard deviations, and binary variables as percentages (NO RES: without 
resident participation; RES: with resident participation).  
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Table 4. Clinically Relevant 30-day Postoperative Outcomes 
 
 Aggregate Cohort (n=141,010) Matched Cohort (n=83,790) 
 NO RES N=52,059 
RES 
N=88,951 p-value 
NO RES 
N=41,895 
RES 
N=41,895 p-value 
Mortality 8.74 12.45 <0.001 2.96 3.25 0.082 
Length of Stay 6.50±11.2 8.36±14.8 <0.001 4.59±7.98 4.97±9.63 0.019 
 Operative Technique 
Operative Time 64.52±49.41 83.30±60.72 <0.001 59.17±44.78 75.10±54.77 <0.001 
Anesthesia Time 107.54±61.08 134.51±75.15 <0.001 99.92±55.45 122.42±66.22 <0.001 
Intraoperative 
Transfusion 5.64 9.33 <0.001 2.55 3.43 <0.001 
Postoperative 
Bleed Requiring 
Transfusion 
2.45 3.16 <0.001 1.28 1.12 0.031 
Unplanned 
Return to OR 5.66 8.54 <0.001 3.80 4.22 0.002 
 Wound Complications 
Superficial 
Wound Infection 3.13 4.09 <0.001 2.78 3.50 <0.001 
Deep Wound 
Infection 1.14 1.06 0.164 0.89 0.73 0.011 
Organ Space 
Infection 2.20 3.27 <0.001 1.77 2.27 <0.001 
Wound 
Dehiscence 1.08 1.27 0.002 0.69 0.63 0.266 
 Pulmonary Complications 
Postoperative 
Pneumonia 3.20 4.23 <0.001 1.67 1.85 0.043 
Unplanned 
Reintubation 2.33 3.64 <0.001 1.15 1.64 <0.001 
Prolonged 
Ventilation 
(>48hrs) 
5.82 9.47 <0.001 2.06 2.87 <0.001 
 Cardiovascular Complications 
Myocardial 
Infarction 0.50 0.57 0.088 0.26 0.27 0.637 
Cardiopulmonary 
Arrest 0.80 1.21 <0.001 0.32 0.39 0.071 
Cerebrovascular 
Accident 0.28 0.37 0.006 0.13 0.16 0.205 
Deep Venous 
Thrombosis 1.06 1.56 <0.001 0.62 0.80 0.002 
Pulmonary 
Embolism 0.37 0.56 <0.001 0.28 0.43 <0.001 
 Renal Complications 
Acute Renal 
Failure 0.61 0.71 0.029 0.31 0.34 0.427 
Renal Failure 
Requiring 
Dialysis 
1.17 1.46 <0.001 0.43 0.37 0.209 
Urinary Tract 
Infection 1.78 2.36 <0.001 1.14 1.45 <0.001 
 Life-Threatening Infectious Complications 
Sepsis 2.98 4.13 <0.001 2.13 2.42 0.005 
Septic Shock 2.95 3.88 <0.001 1.41 1.51 0.205 
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 As expected, due to the higher incidence of preexisting comorbid conditions and 
the overall higher complexity of cases typically managed at teaching institutions, 
postoperative complications and mortality rates were more common in this group 
(12.45% versus 8.74%, p<0.001). In the aggregate cohort, the length of stay for patients 
who had procedures done by residents was almost two days longer than patients who had 
procedures done without resident participation (8.36 ± 14.8 versus 6.50 ± 11.2 days, 
p<0.001). Also, cases performed with resident participation took almost 20 minutes 
longer to complete (83.30 ± 60.72 versus 64.52 ± 49.41, p<0.001) and total anesthesia 
time was longer by almost 27 minutes (134.51 ± 75.15 versus 107.54 ± 61.08, p<0.001), 
likely due to involvement of anesthesia trainees, who may require longer time to get a 
case started or to extubate the patient. In addition, cases performed with residents 
required more intraoperative transfusions (9.33% versus 5.64%, p<0.001) as compared to 
cases performed without trainee participation. 
 Looking at specific 30-day postoperative complications, patients that had their 
procedures performed with surgical residents participating were noted to have a greater 
rate of postoperative bleeding requiring transfusion (3.16% versus 2.45%, p<0.001); 
unplanned return to the OR (8.54% versus 5.66%, p<0.001); wound complications [such 
as SSSI (4.09% versus 3.13%, p<0.001), OSSI (3.27% versus 2.20%, p<0.001), and 
wound dehiscence (1.27% versus 1.08%, p=0.002)]; pulmonary complications [such as 
postoperative pneumonia (4.23% versus 3.20%, p<0.001), unplanned reintubation (3.64% 
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versus 2.33%, p<0.001), and prolonged mechanical ventilation >48 hours (9.47% versus 
5.82%, p<0.001)]; cardiovascular complications [such as cardiopulmonary arrest (1.21% 
versus 0.80%, p<0.001), cerebrovascular accident (0.37% versus 0.28%, p=0.006), deep 
venous thrombosis (1.56% versus 1.06%, p<0.001), and pulmonary embolism (0.56% 
versus 0.37%, p<0.001)]; renal complications [such as acute renal failure (0.71% versus 
0.61%, p=0.029), renal failure requiring dialysis (1.46% versus 1.17%, p<0.001), and 
urinary tract infections (2.36% versus 1.78%, p<0.001)]; and life-threatening infectious 
complications [such as sepsis (4.13% versus 2.98%, p<0.001) and septic shock (3.88% 
versus 2.95%, p<0.001)] as compared to cases performed without trainees. Due to the 
greater number of preexisting comorbidities and increased procedure complexity in the 
cases performed with resident participation, it is not surprising that this group 
demonstrated these higher complication rates [with the exception of DSSI (1.06% versus 
1.14%, p=0.164) and postoperative acute coronary events (0.57% versus 0.50%, 
p=0.088)]. 
 After matching and eliminating the influence of patients’ preexisting 
comorbidities, it became possible to compare postoperative outcomes on the basis of 
whether or not a resident participated in the case. In the matched cohort, although there 
was a trend towards a higher mortality in the cases performed by residents, there was no 
statistically significant difference between the two groups. However, patients who had 
their procedures performed with trainee involvement stayed in the hospital longer by 
almost half a day (4.97 ± 9.63 versus 4.59 ± 7.98 days, p=0.019).  Not surprisingly, 
operative and anesthesia times were longer in cases with resident involvement (75.10 ± 
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54.77 versus 59.17 ± 44.78 minutes, p<0.001 and 122.42 ± 66.22 versus 99.92 ± 55.45 
minutes, p<0.001, respectively). Moreover, cases performed by residents showed a higher 
incidence of intraoperative transfusions (3.43% versus 2.55%, p<0.001) and unplanned 
returns to the OR (4.22% versus 3.80%, p=0.002). Interestingly, cases performed by 
residents had a lower incidence of postoperative transfusion requirement (1.12% versus 
1.28%, p=0.031), likely due to the fact that they received those transfusions 
intraoperatively. 
 Regarding wound complications, cases performed with residents had a higher 
incidence of both SSSI (3.50% versus 2.78%, p<0.001) and OSSI (2.27% versus 1.77%, 
p<0.001) following surgery. However, there was no statistically significant difference in 
wound dehiscence between the two groups. Cases performed by residents actually 
showed a statistically significant decrease in the incidence of DSSI (0.73% versus 0.89%, 
p=0.011). 
Patients whose procedures were performed with trainee involvement developed 
more pulmonary complications postoperatively, including pneumonia (1.85% versus 
1.67%, p=0.043), unplanned reintubation (1.64% versus 1.15%, p<0.001), and prolonged 
mechanical ventilation (2.87% versus 2.06%, p<0.001). Resident involvement did not 
appear to affect major cardiac events [such as myocardial infarction (0.27% versus 
0.26%, p=0.637) and cardiopulmonary arrest (0.39% versus 0.32%, p=0.071)], 
cerebrovascular events (0.16% versus 0.13%, p=0.205), or renal complications [including 
acute renal failure (0.34% versus 0.31%, p=0.427) and renal failure requiring dialysis 
(0.37% versus 0.43%, p=0.209)]. However, cases performed with trainees had a higher 
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incidence of venous thromboembolic events [deep venous thrombosis (0.80% versus 
0.62%, p=0.002), pulmonary embolism (0.43% versus 0.28%, p<0.001)] and urinary tract 
infections (1.45% versus 1.14%, p<0.001), likely due to the longer total operative time, 
as well as septic complications (2.42% versus 2.13%, p=0.005), likely due to the greater 
number of postoperative infectious events. 
To assess whether the greater incidence of transfusion requirements, wound, 
pulmonary, venous thromboembolic, and septic complications, as well as urinary tract 
infections were due to the longer operative time, multivariable regression models were 
fitted in the matched cohort, adjusting for the matching risk factors (age; gender; 
inpatient status; morbid obesity; history of diabetes; smoking, alcohol, or steroid use; 
preexisting coronary artery disease, renal failure, and pulmonary disease; and on 
expected probability for morbidity and mortality), as well as for trainee participation and 
total operative time. Model fit was highly satisfactory in all logistic regression models 
and C-statistics ranged from 0.7958 to 0.9330. The results are summarized in Table 5. 
Binary variables are expressed as odds ratios and continuous variables as beta 
coefficients. 
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Table 5. Matched Cohort Analysis: Effect of Trainee Participation on Outcomes 
(Adjusting for Risk Factors and Operative Time) 
 
 Beta Coefficient/ Odds Ratio [95% 
C.I.] 
p-value 
Length of Stay 0.07 [-0.04-0.17] 0.242 
Superficial Wound Infection 1.23 [1.13-1.34] <0.001 
Organ Space Infection 1.21 [1.09-1.34] <0.001 
Intraoperative Transfusion 1.20 [1.07-1.34] 0.001 
Postoperative Bleeding Requiring Transfusion 0.78 [0.69-0.90] <0.001 
Unplanned Return to the OR 1.08 [1.00-1.16] 0.041 
Postoperative Pneumonia 1.06 [0.94-1.18] 0.348 
Unplanned Reintubation 1.38 [1.21-1.57] <0.001 
Prolonged Ventilation >48 hrs 1.43 [1.29-1.59] <0.001 
Deep Venous Thrombosis 1.25 [1.05-1.49] 0.011 
Pulmonary Embolism 1.42 [1.11-1.81] 0.005 
Urinary Tract Infection 1.23 [1.08-1.40] 0.001 
Sepsis 1.07 [0.97-1.18] 0.155 
 
 
When adjusting for the aforementioned risk factors and operative time, the 
independent effect of resident participation on hospital length of stay was not statistically 
significant (beta coefficient 0.07, p=0.242, Table 5). Interestingly, resident participation 
was a significant independent predictor of most adverse postoperative outcomes, when 
adjusting for preoperative comorbidities and total operative time (Table 5), except for 
postoperative transfusion requirements, in which trainee participation was protective 
(Odds Ratio 0.78 [0.69 – 0.90], p<0.001), and pneumonia and sepsis events, for which 
trainee participation exerted no effect (Odds Ratio 1.06 [0.94 – 1.18, p=0.348 and 1.07 
[0.97 – 1.18, p=0.155 respectively). 
Resident-assisted cases were 23% more likely to develop a SSSI (p<0.001), 21% 
(p<0.001) more likely to develop an OSSI, and 20% (p=0.001) more likely to require an 
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intraoperative transfusion, independently of total operative time. Cases performed by 
residents were 8% (p=0.041) more likely to require an unplanned reoperation, 38% 
(p<0.001) more likely to require unplanned reintubation, 43% more likely to experience 
prolonged mechanical ventilation >48 hours (p<0.001), 25% more likely to develop deep 
venous thrombosis (p=0.011), 42% more likely to develop a pulmonary embolism 
(p=0.005), and 23% more likely to develop postoperative urinary tract infections 
(p=0.001). Overall, in this matched cohort analysis, resident participation was shown to 
be an independent predictor for adverse outcomes even when the impact of prolonged 
operative times and preexisting risk factors were accounted for. 
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Table 6. Matched Cohort Analysis: Effect of Operative Time on Outcomes (per 30 
minutes) (Adjusting for Risk Factors and Trainee Participation) 
 
 
 Beta Coefficient/ Odds 
Ratio [95% C.I.] p-value 
Length of Stay 0.62 [0.58-0.65] <0.001 
Superficial Wound Infection 1.10 [1.09-1.12] <0.001 
Organ Space Infection 1.10 [1.08-1.13] <0.001 
Intraoperative Transfusion 1.30 [1.27-1.32] <0.001 
Postoperative Bleeding Requiring Transfusion 1.15 [1.12-1.17] <0.001 
Unplanned Return to the OR 1.06 [1.04-1.08] <0.001 
Postoperative Pneumonia 1.08 [1.06-1.11] <0.001 
Unplanned Reintubation 1.07 [1.04-1.09] <0.001 
Prolonged Ventilation >48 hrs 1.13 [1.11-1.15] <0.001 
Deep Venous Thrombosis 1.07 [1.04-1.11] <0.001 
Pulmonary Embolism 1.09 [1.05-1.13] <0.001 
Urinary Tract Infections 1.08 [1.06-1.11] <0.001 
Sepsis 1.10 [1.08-1.12] <0.001 
 
 
However, longer operative times appeared to exert a statistically significant effect, 
independent of trainee participation or known risk factors: for every 30 minutes a case 
lasted longer, hospital length of stay was prolonged by 0.62 days (p<0.001) (Table 6). 
Not surprisingly, longer operative times led to greater incidence of SSSI and OSSI: For 
every additional half-hour in total operative time, incidence of SSI and OSSI increased by 
10% each (p<0.001). Similarly, intra- and post-operative transfusion requirements 
increased by 30% (p<0.001) and 15% (p<0.001) respectively for every additional 30 
minutes spent on the OR table, and unplanned returns to the operating theater increased 
by 6% (p<0.001).  
Pneumonias, unplanned postoperative reintubations and prolonged mechanical 
ventilation rates also increased by 8% (p<0.001), 7% (p<0.001) and 13% (p<0.001), 
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respectively for every 30 minutes of added operative time. Also unsurprisingly, incidence 
of deep venous thrombosis and pulmonary embolism increased by 7% (p<0.001) and 9% 
(p<0.001) for every additional half-hour spent operating, due to the increased length of 
immobility and the likely inadequate efficiency of extremity compression devices. 
Finally, urinary tract infections and sepsis incidence were positively influenced by longer 
operative times (Odds Ratios 1.08 [1.06 – 1.11, p<0.001 and 1.10 [1.08 – 1.12], p<0.001, 
respectively per 30 min of OR time). 
Looking at the effect of post-graduate year of training on the total operative time, 
it appears that senior residents and fellows tend to participate in more complex surgical 
cases (Figure 1), as evidenced by the upward trend of the bars in Figures 1, 2, and 3 
(post-graduate year 0 corresponds to cases performed without resident involvement and 
post-graduate year 8 corresponds to the combined years 8, 9, and 10). Figure 1 also 
demonstrates that staff surgeons can perform fairly complex surgical procedures in less 
time than typically required when trainees participate. 
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Figure 1. Operative Time (Minutes) Versus Post-Graduate Year (Year 0 
corresponds to cases performed by staff surgeons alone) 
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Figure 2. Expected Probability of Morbidity Versus Post-Graduate Year (Year 0 
corresponds to cases performed by staff surgeons alone) 
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Figure 3. Expected Probability of Mortality Versus Post-Graduate Year (Year 0 
corresponds to cases performed by staff surgeons alone) 
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DISCUSSION 
 
 Our findings suggest that trainee participation in emergency general surgery 
procedures prolongs operative time and increases intraoperative transfusions, and is 
independently associated with adverse postoperative outcomes, including wound, 
pulmonary and venous thromboembolic complications, as well as urinary tract infections. 
This effect appears to be independent of the total intraoperative time, case complexity, 
and preexisting comorbid conditions. We also demonstrate that operative time is another 
important factor independently associated with intra- and post-operative transfusions, 
unplanned reoperations, longer hospital stays, and wound, pulmonary, infectious, and 
venous thromboembolic complications when baseline comorbidities and resident 
participation were adjusted for. We finally demonstrate that staff surgeons perform fairly 
complex surgical procedures in less time that typically required when trainees participate. 
 Our findings are similar to several other studies that have shown a comparable 
effect of trainee participation in general surgery. Krell and associates demonstrated that 
resident involvement was independently associated with postoperative wound 
complications and venous thromboembolism in patients undergoing laparoscopic gastric 
bypass after adjusting for risk factors, surgeon and hospital case volume, and operative 
times (Krell et al., 2014). They posit that the higher incidence of wound and venous 
thromboembolic complications in cases where trainees participate is likely due to the 
prolonged operative times. Our findings are similar, however, we show that trainee 
participation was independently associated with postoperative morbidity, even when 
	  32	  	  
operative time was controlled for. We additionally demonstrate that operative time itself 
was independently associated with numerous complications, even when resident 
participation was controlled for. 
 Scarborough et al similarly showed an increased incidence of serious and overall 
postoperative complications when appendectomies were performed with resident 
participation, adjusting for baseline comorbidities and total operative time. However, 
they demonstrated that operative times and risk for postoperative morbidity increased 
with post-graduate year of training, ascribing this effect to the increased level of 
autonomy that senior residents enjoy in the operating room (Scarborough et al., 2012). 
However, they did not risk-adjust these two outcomes in their analysis for such a 
conclusion to be definitively made. This is in contrast to our findings, where we 
demonstrate that there is indeed a greater incidence of postoperative morbidity in cases 
performed with senior resident/fellow involvement. However, this is likely due to the fact 
that trainees of higher post-graduate level will assist more complex cases.   
 Similarly, Wilkiemeyer and colleagues examined the relationship between various 
levels of resident training and postoperative outcomes in hernia repairs, reporting an 
increased recurrence rate in the cases performed by junior residents as compared to those 
performed by their senior counterparts (Wilkiemeyer et al., 2005). 
 Contrasting our findings is the work of Kiran et al, who concluded that resident 
involvement in surgical procedures was safe, citing that a modest increase in SSSI – 
essentially the only surgical complication identified to be increased with trainee 
participation - was likely due to longer operative times (Kiran et al., 2012). However, that 
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study had a smaller matched sample size (n=60,711) compared to ours (n=83,790) and 
included both elective and emergency procedures, making comparisons of the two study 
findings difficult. However, it is possible that time spent in the operating room in an 
elective setting may not be as significant of a determinant of postoperative outcomes as it 
is in emergency procedures, during which host physiology may be appreciably deranged 
at the time of presentation. 
 The findings of the present work should be interpreted in the context of the study 
design. Major strengths of our analysis lie in our large sample size, the matching of the 
two groups (RES and NO RES) on an extensive list of comorbidities known to adversely 
affect postoperative outcomes, and on the inclusion of the expected probability for 
morbidity and mortality, which balances the effect of host risk factors and case 
complexity.   However, it is important to keep in mind that this is a secondary analysis of 
prospectively collected data, not originally intended to test our specific hypothesis. In 
addition, the data, while highly reliable, are derived from ACS-NSQIP-participating 
institutions, and thus are skewed towards larger, referral-based medical centers that 
perform more complex emergency general surgery procedures, while smaller hospitals 
may be underrepresented (Shiloach et al., 2010). It is also important to note that data are 
collected for a maximum of 30 days postoperatively, which may under-represent true 
surgical-related mortality (Visser, Keegan, Martin, & Wren, 2009). 
 Another important limitation is that the ACS-NSQIP database does not report the 
extent of trainee participation or attending supervision. Such information could 
potentially improve our understanding of the relationship between resident involvement 
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and postoperative outcomes, even though previous research has not demonstrated 
differences in outcomes for varying degrees of trainee supervision (Itani et al., 2005); 
(Kazaure, Roman, & Sosa, 2012). Finally, the degree of resident autonomy in 
postoperative patient care - not tracked by the ACS-NSQIP - likely also influences 
outcomes. 
 Our findings underline several important aspects of resident education and its 
impact on patient outcomes in emergency general surgical procedures. Resident training 
and involvement is crucial to the sustainability of any healthcare system, as the future of 
care is highly dependent on our ability to provide high quality post-graduate medical 
education. Nonetheless, it is the responsibility of training programs to ensure that patient 
safety is maintained with appropriate trainee supervision. The increase in morbidity 
associated with resident involvement indicates that greater emphasis should be placed on 
early simulation training focused on surgical emergencies to improve efficiency inside 
and outside of the operating room (Nestel, Groom, Eikeland-Husebø, & O’Donnell, 
2011); (De Ponti et al., 2012). Appropriate attending supervision, including in 
postoperative care, should also be made a priority at teaching institutions. 
 Improving the channels of communication between trainees and attending 
physicians should also be prioritized during surgical emergencies, and time objectives for 
the former should be established early on during surgical management, with planned 
“take-overs” by the attending physician if these time objectives are not met (Krell et al., 
2014). Such a strategy would allow adequate hands-on time for residents, but also protect 
patients needing emergency interventions from the inefficient use of operative time. 
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 In conclusion, resident involvement in emergency general surgical procedures is 
independently associated with longer operative times and increases both intraoperative 
and postoperative complications. This effect appears to be independent of the total 
operative time, case complexity, and preexisting comorbid conditions. Operative time 
also appears to be an independent risk factor for postoperative morbidity. Surgeons 
practicing at teaching institutions should be aware of this association and, where possible, 
provide appropriate supervision as needed and minimize unnecessary operative time. 
Enhancing resident preparedness for emergency procedures, perhaps through simulation, 
may also aid in minimizing adverse postoperative outcomes. 
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